Background: Nonspecific low back pain is characterized by a wide range of possible triggering and conserving factors, and initial screening needs to scope widely with multilevel addressment of possible factors contributing to the pain experience. Screening tools for classification of patients have been developed to support clinicians. The primary aim of this study was to assess the criterion validity of STarT Back Screening Tool (STarT Back) against the more comprehensive Örebro Musculoskeletal Pain Questionnaire (ÖMPSQ), in a Norwegian sample of patients referred to secondary care for low back pain. Secondary aims were to assess risk classification of the patients, as indicated by both instruments, and to compare pain and work characteristics between patients in the different STarT Back risk categories. Methods: An observational, cross-sectional survey among patients with low back pain referred to outpatient secondary care assessment at Trondheim University Hospital, Norway. Cohen's Kappa coefficient, Pearson's r and a Bland-Altman plot were used to assess criterion validity of STarT Back against ÖMPSQ. Furthermore, linear regression was used to estimate mean differences with 95% CI in pain and work related variables between the risk groups defined by the STarT Back tool. Results: A total of 182 persons participated in the study. The Pearsons correlation coefficient for correspondence between scores on ÖMPSQ and STarT Back was 0.76. The Kappa value for classification agreement between the instruments was 0.35. Risk group classification according to STarT Back allocated 34.1% of the patients in the low risk group, 42.3% in the medium risk, and 23.6% in the high risk group. According to ÖMPSQ, 24.7% of the participants were allocated in the low risk group, 28.6% in the medium risk, and 46.7% in the high risk group. Patients classified with high risk according to Start Back showed a higher score on pain and work related characteristics as measured by ÖMPSQ. Conclusion: The correlation between score on the screening tools was good, while the classification agreement between the screening instruments was low. Screening for work factors may be important in patients referred to multidisciplinary management in secondary care.
Background
Low back pain is the leading cause of years lived with disability globally [1, 2] . In addition to a negative impact on the individual's health, it is associated with substantial financial costs, partly for management that is not supported by scientific evidence [3] .
Management guidelines suggest that patients seeking care for nonspecific and uncomplicated low back pain should be offered treatment in primary care [4] . On the other hand, patients with possible indicators of serious pathology or with compound treatment needs due to complex psychosocial challenges should be referred to specialist health service for further investigation and treatment [5] . Specific causes for low back pain are uncommon, and for about 85% of patients, low back pain is defined as nonspecific since the pain does not seem to be connected to specific organic impairments [6] . Nonspecific low back pain is characterized by a wide range of possible triggering and conserving factors, including lifestyle, behavioral, biomechanical, and psychosocial influences [7, 8] . Therefore, initial screening needs to scope widely with multilevel addressment of possible factors contributing to the pain experience.
There are data suggesting that in general, previous management for patients with low back pain have failed to address its multifactorial nature and accordingly not contributed significantly to patients' improvement in the long term [8] . Part of the reason for this may be that multifactorial and knowledge based assessment tools have not been available. However, screening tools for classification of patients have been developed to support clinicians when identifying the specific needs of individual patients. The STarT Back screening tool (STarT Back) is one such screening tool [9] . It contains nine items covering eight domains, which were selected based on established prognostic factors suggested to affect probability of recovery. STarT Back was originally validated in England [9] , and has been tested and adapted in a range of countries including Belgium [10] , Denmark [11, 12] , Finland [13] , China [14] , Germany [15] , Norway [16] and Sweden [17] . Most of these studies have been performed in primary care. Another screening tool is the more comprehensive Örebro Musculoskeletal Pain Screening Questionnaire (ÖMPSQ), which was developed in Sweden for early identification of patients at risk for developing a persistent back problem [18] . ÖMPSQ has been considered an appropriate reference standard since it is an established tool to support clinicians in identifying patients in need of more comprehensive treatment for low back pain [19] . Since the performance of screening tools is highly context dependent, testing the tool in varied clinical settings is necessary. Therefore we wished to explore whether risk estimation by STarT Back is comparable to ÖMPSQ in a Norwegian multidisciplinary secondary care setting.
The primary aim of this study was to assess the criterion validity of the STarT Back Screening Tool against the Örebro Musculoskeletal Pain Screening Questionnaire in a Norwegian sample of patients with low back pain referred to assessment at a university hospital. Secondary aims were to assess risk classification of the patients, as indicated by both instruments, and to compare pain and work characteristics between patients in the different STarT Back risk categories.
Methods

Design
An observational, cross-sectional survey was performed in an outpatient multidisciplinary clinic for musculoskeletal pain in Trondheim University Hospital, Norway.
Participants
The study sample was patients referred for secondary line management because of low back pain. The inclusion criteria were as follows: Referred from their physician, manual therapist or chiropractor in the primary health care system with low back pain for more than 6 weeks. Exclusion criteria were age under 18, insufficient language capabilities, malignant disease, and unresolved social security or insurance problems.
Variables
Background variables
Background variables included age, gender, marital status, country of birth, educational level, and work status. Participants that were not out of work, sicklisted or on work assessment allowance were classified as employed. We defined people with any percentage of sickleave as sicklisted. Information on other diseases category was also collected, including headache, pulmonary disease, coronary disease, hypertension, diabetes and an open category for diseases specified by the participants.
Measures
STarT Back screening tool contains nine questions, and was developed based on prognostic factors for longstanding disability due to low back pain [9] . The questions cover the following eight constructs: bothersomeness, referred leg pain, comorbid pain, disability, catastrophizing, fear, anxiety, and depression. Based on dichotomizing responses patients were given an overall tool score and a psychosocial subscale score. Patients were allocated to the high risk group if the psychosocial subscale score was ≥4, to the low risk group if the overall score was ˂ 4, and to the medium risk group if the overall score was ≥4. Participants with missing items on STarT Back screening tool were excluded from the analysis if risk classification could not be established as described in the original study [9] .
Örebro Musculoskeletal Pain Screening Questionnaire (ÖMPSQ) was developed to assist health care providers in assessing risk of developing a persistent back problem. Originally it was aiming at predicting risk for work absenteeism due to sickness [20] . The scoring system ranges from zero to 210, with higher scores indicating a higher risk of poor outcome. It has shown good psychometric properties [18, 21] and moderate predictive ability in identifying patients with spinal pain at risk of persisting pain and disability [22] . The questionnaire contains 25 items, and items 5-25 are scored [23] . Lower cut-off limits for ÖMPSQ were 89 for medium risk and 112 for high risk (corresponds to 42 and 53% of total score). Based on a recent study, we chose to omit the work questions in the ÖMPSQ total score for non-working patients [24] . Therefore the five work-related items no 6, 8, 16, 17, and 20) were excluded for participants out of work, and new scoring range and cut-off values were calculated based on the percentage of total score omitting five variables (i.e. 42 and 53% of 160). This gave cutoffs of 67 and 85 for medium and high risk classification among non-workers, respectively.
Analysis
To assess criterion validity of STarT Back, the agreement in risk classification (low, medium, and high) based on STarT Back and ÖMPSQ was assessed by Cohen's Kappa coefficient. The calculations were done for the overall study population, but since some of the items of the ÔMPSQ are work related, we also estimated the agreement in risk classification for patients who were classified as workers. We also calculated the mean ÖMPSQ score with 95% confidence interval (CI) according to STarT Back total score (Fig. 1) . Since the two scores are measured on different scales, we converted both scores to percentage scores before we used Pearson's r to estimate the correlation between STarT Back and ÖMPSQ. The acceptability limits were defined as: poor ≤30; adequate 0.31-0.59, and excellent ≥0.60 [25] . The percentage scores were also used in a Bland-Altman plot assessing the agreement between STarT Back and ÖMPSQ screening tools.
Risk classification of the patients, as indicated by both instruments was described by a classification table. Finally, we used linear regression to estimate mean differences with 95% CI in pain and work related variables between the three risk groups defined by the STarT Back tool. Non-normally distributed variables were analyzed using non-parametric Mann-Whitney U test and results presented as differences in median values between risk groups.
Results
A total of 300 patients received the study questionnaire, and 199 (66%) returned it. After excluding 17 persons due to incomplete answers or age below 18 years, 182 patients (61%) were available for statistical analysis. Among those, 73% were employed, mean age was 48 years (SD = 15), and 51% were men ( Table 1) .
The Kappa value for agreement between risk group classification was 0.35 (Table 2 ). Restricting the sample to only workers gave the same level of agreement (Kappa 0.36). Figure 1 shows that mean percentage of total ÖMPSQ-score increased monotonically with increasing STarT Back total score, and the two scores showed a high correlation (r = 0.76, p˂0.001). The Bland Altman plot (Fig. 2) display the difference between the two instruments according to the average percentage scores for both instruments, and suggests that the agreement between the instruments is highest for middle range scores. Mean bias is 1.6, but for patients scoring in the lower range on both scores there is tendency that STarT Back generates lower score than ÖMPSQ. On the other hand, in patients with higher average scores, STarT Back seems to generate higher scores than ÖMPSQ.
Start Back Screening tool allocated 34.1% of the participants in the low risk group, 42.3% in the medium risk group, and 23.6% in the high risk group. Corresponding values for ÖMPSQ was 24.7% of the participants in the low risk group, 28.6% in the medium risk group, and 46.7% in the high risk group (Table 2 ). In supplementary analyses restricted to workers only, 38.3% were allocated in the low risk group, 41.4% in the medium risk group, and 20.3% in the high risk group as defined by STarT Back.
There was a dose-dependent relation between scores on pain and work items on ÖMPSQ and STarT Back risk group (Table 3) , except for the item on job satisfaction. Pain variables differed most between low and medium risk group, while work variables separated most clearly between the medium and high risk group as defined by STarT Back.
Discussion
This study indicated high correlation between instrument scores and low agreement between risk classification between StarT Back tool and ÖMPSQ for patients referred to secondary care because of low back pain. Risk group classification according to STarT Back allocated 23.6% in the high risk group. According to ÖMPSQ, 46.7% were allocated in the high risk group. Patients classified with high risk according to Start Back showed a higher score on pain and work related characteristics as measured by ÖMPSQ.
The Start Back total score highly correlated with ÖMPSQ total score, indicating good criterion validity for STarT Back in a Norwegian sample of low back pain patients referred to a multidisciplinary outpatient clinic in secondary care. This result is comparable with previous studies performed in other countries and settings. Bruyere and coworkers [10] addressed the correlation between the ÖMPSQ and STarT Back and found a Spearman correlation coefficient of 0.74. The latter study included patients in settings different from the present study; a rehabilitation center, a back school, a private physiotherapy unit as well as persons with low back pain at a fitness center [10] . ÖMPSQ has also been compared to STarT Back screening tool in England, including two hundred and forty-four consecutive non-specific low back pain consulters at general practitioners [19] . They found a correlation between STarT Back tool and ÖMPSQ of 0.80 and classification agreement Kappa 0.57. Significant differences between STarT Back and ÖMPSQ-registered threshold were observed in that STarT Back allocated fewer patients to high risk classification.
Despite very good correlation between the two scales, the findings from the risk classification in the present study showed that 22 out of the 52 patients classified as medium risk by ÖMPSQ were classified as low risk on Start Back. Additionally, 41 out of the 85 patients with high risk according to ÖMPSQ were classified with moderate risk according to Start Back, in line with the study from England [19] . One may ask whether these discrepancies were related to the fact that ÖMPSQ has five work-related questions and have been suggested to be a good predictor of future absenteeism [18] , while Start Back does not include any work questions. Studies assessing the validity of the short-form ÖMPSQ that includes ten items, of which two covers work that is optional connected to the home or to paid work may support this hypothesis as it showed less discrepancies in classification when compared to STarT Back [17, 26] . Because STarT Back does not cover work, we hypothesized that STarT Back could underestimate risk for participants with work-related obstacles for recovery. Our results showed that patients classified with high risk according to Start Back showed a significantly higher score on work related characteristics as measured by ÖMPSQ, with one exception for the item on job satisfaction. These findings suggest that specifically screening for work factors is important in this group of patients. This is also indicated by the difference in ÖMPSQ-scores between workers and non-workers, in line with results from a recent factors analysis [27] . Further research is needed to confirm this relation, and to address the need for more knowledge regarding referral practice and the right candidates for multidisciplinary rehabilitation to restore employability [28] . Another finding was that the agreement for score was best for middle range scores, and that the compliance between tools were lower in both ends of the scoring scales. For the higher mean percentage scores, the tendency was that STarT Back tool allocated higher score. In spite of that, Örebro allocated a higher percentage of participants to the high risk group, again indicating a lack of correspondence between the cut-off limits for the instruments.
The results indicated that between 24.7 (ÖMPSQ) and 34.1 (STarT Back) percent of the respondents had low risk for longstanding disability due to low back pain. Clinical guidelines recommend secondary care referral when management needs are too complex for primary care management [4] . Given that, it is somewhat surprising that as much as 25-34% of the patients were classified low risk. Multidisciplinary management in secondary care is the recommended treatment choice for patients with significant obstacles to recovery and / or when previous treatment have not been effective [5] . In general, secondary care referral may be due to complex psychosocially oriented treatment needs or to suspicion of organic disease from the primary care contact. The outpatient clinic in the present study offers multidisciplinary treatment targeting psychosocial needs as well as examination of potential pathoanatomic triggers. Therefore, screening tools designed for early addressing of psychosocial obstacles for recovery in primary care may not be sufficient or relevant to consider if a patient should be managed in secondary care.
To our knowledge, no studies have compared scores and classification by these two screening instruments in patients referred to secondary care. On the other hand, the predictive value of both instruments in secondary care has been evaluated. An Australian study concluded that the instruments add no further value over and above clinical judgement [29] , and a Danish study concluded that the predictive ability of STarT Back is less good in secondary care compared to primary care [30] . Again, it is plausible to suggest that the most relevant screening items for primary and secondary care patients differ.
Strengths and limitations
This is a cross-sectional study, and it cannot evaluate the predictive value of the screening instruments. The response rate was 66% and we cannot rule out that the study participants were different from the non-responders. Consequently, the results may not automatically be generalisable to the population of patients referred to the multidisciplinary clinic. Missing responses on some items may have introduced bias. To compensate for missing on the work items, supplementary analyses were performed to compare whole-sample results to results from analyses restricted to patients in work.
The results from the present study do not suggest that the risk classification by STarT Back is comparable to risk classification by ÖMPSQ for patients referred to secondary care for low back pain, though the instruments' scores correlated well. This study also suggests that around one third of the patients referred to secondary care will be classified low risk according to these primary care screening tools. The results do not support the applicability of StarT Back screening tool as decision support in Norwegian secondary health care. This may be due to differences in timing of testing, clinical setting, and study sample compared to the original target group for screening. The results also indicated that the working items in ÖMPSQ may be central when addressing psychosocial load in working patients.
Conclusion
STarT Back scores correlated well to scores on ÖMPSQ, while classification agreement between the instruments was low in patients referred to multidisiplinary secondary care for low back pain. Patients classified as high risk by STarT Back reported more challenges connected to work on ÖMPSQ sub-items. Non-normally distributed variables were analyzed using non-parametric Mann-Whitney U test and results presented as differences in median values between risk groups
